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SPECIFICATION FOR 

GASSING OF INSULATING LIQUID 

UNDER ELECTRIC STRESS AND 

IONIZATION 

FART 1 METHODS OF DETERMINATION OF GASSING RATE 
UNDER HYDROGEN ATMOSPHERE 

0. FOREWORD 



0.1 This Indian Standard ( Part I ) was adopted 
by the Bureau of Indian Standards on 5 August 
1988, after the draft finalized by the Liquid and 
Gaseous Dielectrics Sectional Committee had 
been approved by the Electrotechnical Division 
Council. 

0.2 The electrical performance of oil impregnated 
paper insulation used in transformers, cables or 
capacitors is strongly affected by the presence of 
small gaseous bubbles which can give rise to 
partial discharges and eventual insulation break- 
down. Therefore, gassing properties of insula- 
ting liquids, that is, the tendency to absorb or 
evolve gases have been recognized as factors of 
major iqjportance to characterize the dielectric 
liquids used as impregnant in oil paper insulation, 

0.3 The gassing behaviour of any liquid is pri- 
marily a function of its chemistry but change in 
certain test parameters can modify the result 
significantly. 

The transaction from gas absorption to gas 
evaluation can occur at different temperatures 
and applied voltage for different oils. 

Although there is some controversy about the 
relevance^of gassing cell tests to ionization condi- 
tion in electrical equipment under operation, it 
is generally agreed that gas absorbancy of the 
impregnant is an essential requirement for mini- 
mizing ionization problems in impregnated in- 
sulation system used at high electrical stress. 
However, correlation of gassing cell test results 
with equipment performance is limited. 

0.4 This standard describes procedures to mea- 
sure the tendency of insulating liquids to evolve 
or absorb gas when subjected to electrical stress 



of sufficient intensity to cause an electric dis- 
charge through a gas phase in which a gas-oil 
interphase is located. 

0.4.1 Gassing of insulating liquids can be de- 
termined by two methods each using a separate 
set of apparatus. 

0.4.2 This standard ( Part 1 ) describes the 
method to determine the gassing tendency of an 
insulating liquid under hydrogen atmosphere and 
expresses the results in terms of gassing rate over a 
relatively short test period, 

0.4.3 Part 2 of this standard described the 
method to determine the gassing characteristics 
of an insulating liquid under nitrogen atmos- 
phere and expressed the results in terms of the 
change in gas volume after the specified test 
period. 

0,4.4 The use of this method with other liquid 
may require some adaptations in dimensions of 
the gas cell. 

0*5 In the preparation of this standard, assis- 
tance has been derived from lEC Document lOA 

liquids under electrical stress and ionization*, 
issued by the International Electrotechnical Com- 
mission ( lEC ). 

0,6 In reporting the results of a test or analysis 
made in accordance with this standard, if the 
final value, observed or calculated, is to be rounded 
off, it shall be done in accordance with IS : 2- 
1960*. 



♦Rules for rounding off numerical values {revised). 



1, SCOPE 

1,1 This standard ( Part 1 ) covers the ethod 
to determine whether insulating liquids are gas 
evolving or gas absorbing under the test condi- 
tions when subjected to electric stress of sufficient 
intensity to cause an electric discharge through 



a gas phase in which a gas-oil interface is located 
under a hydrogen atmosphere. Results are ex- 
pressed in terms of gassing rate. 

2. TERMINOLOGY 

2,1 For the purpose of this standard, the 



1 
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definitions given in IS : 335-1983* m addition to 
the following shall apply. 

2.2 Gassing Tendency — Gassing tendency is a 
measure of the tendency of insulating liquids to 
evolve or absorb gas when subjected to electric 
stress of sufficient intensity to cause an electric 
discharge through a gas phase in which a gas oil 
interface is located. 

3. TEST CONDITIONS 

3.1 General — After being dried and saturated 
with hydrogen gas, the insulating liquid and the 
hydrogen pocket above the liquid are subjected 
in the specified cell to a radial electrical stress 
under the following experimental condition: 

Voltage : 10 KV 

Frequency : 50 Hz 

Temperature : 80 ±rC 

Test duration : 120 minutes 

The rate of evolution or absorption of gas 
resulting from reactions at the gas-oil interface, 
is calculated as volume per unit of time f-om 

♦Specification for new insulating oils ( third revision ). 



changes in pressure with time. 

3.2 Apparatus 

3.2.1 Gassing Cell Assembly — The gassing cell 
shown in Fig. 1 with dimensions given in Fig. 2 
consists of a borosihcate glass tube which has 
an inside chamber of 160±0-2 mm and outside 
diameter of 180±0'2 mm. Into this tube is 
fitted the inner electrode ( high voltage ) made of 
i00±0*l mm outside diameter centreless ground 
and polished stainless steel seamless tubing and 
containing a I'O mm stainless steel capillary 
tubing as a gas passage. The electrode shall 
be supported and centred by a recessed poly- 
tetrafluoroethylene plug. A needle valve ( 3 mm ) 
with gas inlet is provided on the top of the 
electrode for gas inlet. 

The outer electrode ( earth ) 60 mm high of 
the cell is made of solvent resistant silver paint 
with a vertical slit for observing the oil level with 
a copper band for earth connection. 

A borosilicate glass gas burette made ot 7 mm 
outside diameter with an etched scale is shown 
in Fig. 1. The tapered glass joint is provided 
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A,B,C -=^ Glass bulbs 

D ^ By-pass stopcock 
E ^ Needle valve 
G = Tapered glass joint 10/19 
*For taper glass joints, see IS : 5165- 1969 'Specification for interchangeable conical ground-glass joints'. 
•♦For tubing, see IS : 7374-1974 *Specificaticn for glass rods and tubing for laboratory glassware'. 

All dimensions in millimetres. 

Fig. 1 Schematic Diagram of Gassing Cell and Gas-Burette Assembly 
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for connection to the gassing cell, a by-pass stop- 
cock (D) and three glass bulbs (Ay B and C ). 
The correlation bet\s^en the reading ( mm ) and 
the volume (mm^) must be known. 

3,2.2 Heating Device — A transparent bath 
filled with silicone liquid is kept on a hot plate 
( thermostatically controlled) with magnetic stirrer. 
The temperature of the bath should be main- 
tained at 80±rC. The bath should be equipped 
with suitable supports for holding the gassing 
cell apparatus. 

Note— If the level of the oil filling drops below a 
defined minirvwun. the high voltage should be disconnec- 
ted automatically by safety switches. The bath may be 
provided with an effective circulating cooling system to 
allow rapid cooling after the test. 



A convenient glass syringe, 




lO-OiO-1 OD 



TUBING 



*For taper glass joints, see IS : 5165-1969 'Specification 
for interchangeable conical ground-glass joints'. 

Note— For dimensions of tubing, see IS : 7374-19*H 
•Specification for glass rods and tubing for laboratory 
glassware*. 

All dimensions in millimetres. 
Fig. 2 Detailed Dimensions of the Glass Cell 

AND TH^ InNBR ( HiGH-VOLTAGE ) ELECTRODE 

323 Transparent Safety Shield -- Fitted with 
safety electrical interlock switches to protect the 
operator from parts under high voltage. 

3.2.4 High-Voltage Transformer — The trans- 
former and its controlling equipment shall be 
of such a size and design that, with a filled gassing- 
cell in the circuit, the peak factor ( ratio of peak 
value to rms value ) of the test voltage shall 
not differ by more than ±5 percent from that 
of a sinusoidal wave while maintaining 10 kV 
± 2 percent. 

3.2.5 Thermometer — Any convenient ther- 
mometer for measuring temperature up to lOO^C, 



3.2.6 Syringe - 
volume 10 cm^. 

3.2.7 Reagents 

a) Hydrogen with oxygen content less than 
10 mmVdm® and water content less than 
2 mm^dm^ from a cylinder with two-stage 
pressure reducer and a fine flow regulator; 

b) Dibutyl phthalate, technical grade; 

c) 1, 1, 1-trichloroethane, technical grade; 

d) n-heptane, analytical grade; and 

e) Silicone vacuum grease. 

3.3 Preparation of the Apparatus 

3.3.1 General Remark — As the gassing ten- 
dency of liquids may be strongly influenced by 
solvents, it is important that no traces of solvent 
remain after the cleaning procedure. 

3 J.2 Clean the glass cell by first rinsing it 
inside and outside with 1, 1, 1-trichloroethane 
and then with w-heptane. Then, refill the cell 
with n-heptane and scrub with a stiff" brush of 
polyamide fibres to remove deposits from |ire- 
vious test. 

Insert a smaller brush into the tapered joint 
(G) and scrub out silicone grease, taking care 
that none of the grease enters the cell. Again 
rinse with /i-heptane and blow dry with clean 
compressed air. 

Check the painted-on silver electrode and 
touch up, if necessary, 

3.3.3 Clean the hollow electrode by blowing 
out the capillary tube with clean compressed air, 
rinsing the oil off* the entire electrode with 1,1,1- 
trichloroethane and wiping off" any deposit with 
tissue paper. 

Polish the surface of the stainless steel shaft 
of the electrode with a suitable device, such as 
a buff'ing wheel; wipe off" the buffing compound 
carefully with tissue paper moistened with 1,1,1- 
trichloroethane. Rinse again first with I, 1, l- 
trichloroethane, then with «-heptane. Blow dry 
with clean compressed air and complete drying 
in an oven at SCC. 

3.3.4 Apply a light coat of silicone vacuum 
grease to the stopcock ( Z) ) and the standard 
tapered joint ( G ), and assemble the glass cell and 
burette but do not insert the electrode into the 
glass cell. 

3.3.5 Fill the burette to the half-full mark with 
dibutyl phthalate. 

3.3.6 Clean the syringe with n-heptane and 
then blow dry with compressed air. 
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4- PROCEDURE 

4,1 Filter about 10 cm^ of the oil sample through 
a previously dried filter paper and rapidly intro- 
duce 50±0*1 cm' of the filtered oil into the 
glass cell by means of the hypodermic syringe. 

4*2 Lightly coat the polytetrafluoroethylene plug 
of the electrode with the test liquid ( to act as a 
gas-seal ) and insert the electrode into the glass 
cell. 

4.3 Check the bath temperature which shall be 
maintained at 800iO*5*C during the test. 

4.4 Suspend the gassing-cell and gas burette 
assembly in the oil bath at the level indicated in 
Fig. 1 and connect the lead from the outside elec- 
trode to earth. 

4*5 Attach the gas inlet and outlet connections. 
The gas outlet should lead outside the building, 
either directly or through a fume hood. 

4.6 Close the stopcock (D) and open the valve 
{ JS ) to allow the saturating gas to bubble through 
the test oil and the burette liquid at a steady rate 
of 3 dm'/h for 60 min. 

4.7 Open the stopcock ( i) ) and continue bubbling 
the saturating gas through the test oil for an addi- 
tional 5 min. 

4-8 After a total of 65 min of gas bubbling, first 
close the valve {E ) and then the stopcock ( D ), 
leaking certain the liquid levels in the two legs of 
the burette are equal. 

4.9 Connect the high-voltage lead to the centre 
electrode. 

4.10 Place the transparent safety shield in posi- 
tion and take the burette reading after checking 
the bath temperature. 

4.1tTurn on the high-voltage and adjust to 10 
kV: 

4.12 Record the time and the burette level and 
check the observation slit on the outer electrode 
for onset of the gassing reaction. 



4.13 After 10 min, record the butiette level. 

4.14 After an additional 120 mifi, again record 
the burette level and then turn off the highnvoUage, 

5. CALCULATIONS 

5.1 The gassing tendency in presence of hydrogen 
is calculated as follows: 



G 
where 

T 



(iSiso-^io) A/r mmVmin 



= burette reading in mm at 130 min of 
test, 

— burrette reading in mm at 10 min of 
test. 



= test time, 

= 130-10 = 120 min, and 

K = burette constant = cubic millimetre 
per mm of burette reading. 

The value of G is negative if the gas is absorbed. 

6. NUMBER OF TESTS 

6.1 Tests should be run in duplicate. 

7. REPORT 

7.1 Report should include the following: 

a) Gassing tendency ( mm^min ) — mean value 
of duplicate test; and 

b) Test voltage, test period, gas phase, test 
temperature, etc. 

8. PRECISION 

8.1 Repeatability — The results should be con- 
sidered suspect if they difiFer by more than 0*3 
+ 0-26/G/( where /G/ is the absolute value of 
the average of the duplicate results in cubic 
millimetres per minute ). 

Note— Results on oils which arc about neutral, will 
not achieve this repeatability. 
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